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MELT-EXTRtlPEP ORALLY ADMfNISTRABLE OPIOID FORMULAXE1MS 

BACKGROUND OF TiEMWOTOH 

The present invention relates to the use of melt extmste ttdtatfogy m the 
of bloavailable sustained-rels; 



Previously, melt extrusion has been used in the production c 



It is known in the pharmaceutical art to pre a > v hich provide 

for controlled release of pharmacol ogically active substances contained in the 




blood stream for 
dosage forms are administered. 

Different methods of preparing controlled release pharmaceutical dosage forms 
have been suggested. For example, direct compression techniques, wet granulation 
techniques, encapsulation techniques and the like have been proposed to deliver 



Additionally various :n« oi susuincd r A - nn> « ^ are known <n the 
«rt,' i^ud»^:^% icp^^-pdlets, coated tablets and capsules wherein the stow re- 
lease of the active medicament is brought about through selective breakdown of the 
coating of the preparation or through compounding with 3 special matrix to affect the 
release of a drug Some sustained release formulations provide so? related sequential 
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etea.se is gle dose m t < , nisitrstfon 

ii h the mtmt of all ons >rovjd« ones pe od 

of pharmacologic response after the a t i drag and Is ordinarily 

S expener v tdm mi sonofth > - t * ms Hunger 

periods ©f response provide for many inherent therapeutic benefits that gre not 
achieved with corresponding short acting, immediate release preparations This is 
especially true is the treatment of cancer patients or other patients in need of treatment 
tor the alleviation of moderate to severe pais, where blood levels of as opioid 

10 aa&iges c med it est must be ms ntai >ed at a then \y< i , e! to provide 

pain relief Unless conventional sapid acting doig therapy is carefully administered at 
tteguesi tnte I *.es tr ks a.n< 

valleys in the blood level of the active drug occur because of the rapid absorption, 
systemsc excretion of the compound and through metabolic mactrvatms thereby 

IS producing pec , s maintenance of a :s : efficacy 

The prior art teaching of the preparation and use of comport sons providing the 
so ned-releaser rn a cam< ts bastcalh c«»rw< u\J wnh tbs 

release of the active substance into the physiologic fluid of the abmenun tract How- 
20 ever, it is generally recognised that the mere presence of an w.i f ^h^tan^ m the 

gastrointestit s ) w < i se i i ^ jv >ihts 

inerdett \ Av c \ < •>„ e* u s v < ■ < x, k 

ume required for a given proportion of an active substance ! a > dosage form o 

25 de \i^st. i,e eo!. n> • 

unr w\age s -'tn s * \ \ \ - * r 

standardised < s > s isuoimestinal J k 

m-tis ♦ r \ i \ ' \ <_ m s ?Qs nnru 

satisfactory test procedures to measure dissolution time for pharmaceutical compo- 

30 sstions, and these test procedures are described is official compendia world wide. 
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Although there are mmy diverse factors -which influence the dissolution of drag 
substance from its carrier, the dissolution time determined for a phannacologicaUy 
active substance from " K e specific compositk n b rs » * s 

Among the different factors affecting the Solution time are the surface area of the 
drug substance presented to the dissolution solvent medium, the pH of the solution, 
the solubility of the substance in the specific solvent medium, and the driving forces of 
the saturation concentration of dissolved materials in the solvent medium Thus, the 
dissolution concentration of an active drug substance is dynamically modified in its 
steady state as components are removed from the dissolution medium through 
absorplon across the tissue site. Under physiologic conditions, the saturation level of 
the dissolved materials is replenished from the dosage form reserve to maintain a 
relatively uniform and constant dissolution concentration in the solvent medium 
providing for a steady state absorption. 

The transport across a tissue absorption site of the gastrointestinal tract is 
.influenced by the Donoan osmotic equilibrium forces on both sides of the membrane 
since the direction of the driving force is the difference between the concentrations of 
active substance on either side of the membrane, i.e., the amount dissolved in the 
gastrointestinal fluids and the amount present m the blood. Since the blood levels are 
constantly being modified by dilution, circulatory changes, tissue storage, metabolic 
conversion and systemic excretion, the flow of active materials is directed from the 
gastrointestinal tract into the blood stream. 

Notwiths v e se actoi nib ' ! i*m i ! 5 

of a drug substance, a strong correlation has been established between the in-vitro 
dissolution tsme determined for a dosage form and (io-vivo) bioavailability The 
dissolution time and the bioavailability determined for a composition are two of the 
most agtaficant: ^Undam«»ts|:<l«^cteristics for consideration when evaluating 
su$tame<!~reiea&e compositions. 
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Melt gt am, s - soheensugges controlled 

release formulations. Generally, melt granulation involves mechanically working as? 

tieulate form ih one or more si 5 j and/or 
phamaceudcally acceptable excipients in a mixer until one or more of the binders 
S melts and adheres to the surface of the particulate, evemus I . ■ uii ling up granules 

U.S. Patent No 4,95?>681 (Kiimesch, el al.) discloses a continuous process 
for preparing pharmaceutical mixtures having at least two components which are 
continuously metered. The process includes continuously metering the individual 

10 components of the pharmaceutical mixture at & rate of at least 50 g/h on electronic 

differentia! metering balances having a metering accuracy of at least 5% within time 
intervals of less than one minute and, additionally, having screw conveyors, thereby 
obtaining a substantially uniformly metered mixture; and shaping the mixture. Example 
I of the '681 patent ss representative of the process The requisite amounts of a 

IS copolymer having a K value of 30 and obtained from 60% of N-vmylpyrroIid-2-one 

<NVP), stearyl alcohol and theophylline are metered via three metering balances into 
the hopper of an extruder and extruded. The temperatures of the extruder cylinder 

sns sting of six shots tanged from K3-60 e C and the die is heated to JO0*C The 
resultant extrudate is then pressed into tablets of the required shape. The '681 patent 

20 does not disclose preparation of sustained release opioid pharmaceutical formulations 

\ fohome e* h e> k Hre H-sa t ed "'s 

}„ - ! ^ fooceed Intern gsmc < omrui Rei H»*act 

Mater . 18 honde formulations prepa 

25 serew-ext s i 1 lets to be HSled into hard 

gelatin capsules The polymers used were et c ui < a copo ne of ehtyl acryfate 
and methyl methacrylate containing quaternary ammonium groups, cellulose acetate 
t ! *\ ( a; , „ « copoh mer rf eP ,> bne -met s ms I 

acetate In order to lower the extrusion temperature, some plastleizers were used. 
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WO 93/07859 dexonbex drug loaded pellets produced through melt 
spheromsatlon wherein the therapeutically active agent is blended with various 
empoients - ' the formulattoa is fed to an extruder where it is heated and 
extruded at a speed of about 0.05 to 10 mm/see. at approximately 60- 1 SO * C. The 
5 extrud&te Is then cut into pieces in a pdletker sad subse pit mb fed to a spheronfoer 

tor uniform pellet formulation. 

Despite the foregoing advances and the various techniques for preparing 
sustained release formulations available in the pharmaceutical art, there is a need in the 
10 art for an orally zCw.-.-.J--' . opioid formulation which would provide an extended 

duration of effect which is also easy to prepare, eg via meb-grsnuiatbn techniques 



OMECTS AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide sustained- release 
pharmaceutical formulations suitable for oral administration and methods for preparing 
the same utilizing melt-extrusion techniques 

ft is also an object of the present invention to provide improved methods tot 
producing pharmaceutical exuudates containing opioid analgesics and pharmaceutical 
e hydropho t eh ext m uniques 



It is a further object of the present invention to provide a sustained-release melt 
s\J \ . ^ * aix h - ~, o h r " u ' „ „ o > u u tJe? to 
obtain a final dosage form. . 

I £ ol ecto * s esentinver on - !e meth treal m\ r 

human patients in need of opioid analgesic therapy using dosage forms prepared in 
accordance with ths - eth t 5 e em 



In acco 

the further reading of the specification and of the appended claims, the present, 
invention is related in part to the surprising discovery tl 




The invention is also related in part to a new melt-extruded oral sustained- 
release dosage forms \%h <, vcmp \e a I ,<m, 

material, a reiardam selected from waxes, tatty alcohols, and fatly acids, and a drug. 



in an 



Preferably, the extrudate is strand or spaghetti-shaped and has a diameter fl 
0.1 to about 5 mm. The e^trudate ls divided into unit doses of the opioid 
to im5.ua! to a pat ent ; 



The matrices preferably include a hydrophobic material and a second retardam 

t a- H<«ao t > >\ i m ^ - - m > ■> > < 1 

scgse> ^ >f v. ! u 

.'■!-,.;\.!ai.-s>', u>« » s( Htaa'i <«s ^ ^ UQui mt. gJvUp v> u Os 

aiicylcelisiiQscs, acrylic and mediae rose ac;0 polymers > \ copolymers, t 1 < seac 
! sstor oil o hydrogeaated vegetable oil, or mixtures thereof. 

Theretardara material (hydropbobk fusible carrier) is preferably selected torn 
natural and synthetic waxes., fatty aads, latty aiconois and mixtures ot the same. 
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Examples include beeswax and carnauba wax, stearic acid, and stearyl alcohol This 
1 st is ol co e J? n mt to be exclush e 

The extrudate may be cat into multiparticulates by any cutting means known in 
the at! Preferably, the ovri.nr - - c-h^ua^rc; m * ix\ 0 l t ^ mntss 
length. The multiparticulates may then be divided into ««it doses such that each 
individual unit dose includes a dose of opioid analgesic sufficient to provide analgesia 
to a mammal, preferably a human patient. 

The unit doses of multiparticulates may then be incorporated into a solid 
pharmaceutical dosage formulation, e.g. via compression or shaping into tablets, by 
placing a requisite amount inside a gelatin capsule, or by forming the ext mdad product 
into the form of a suppository. 

The pharmaceutical extrudates of the present invent ion may be prepared by 
blending the drug together wtth ail matrix ingredients {hydrophobic material binder 
and any additional {optional} exespsents), feeding the resultant mixture into an extruder 
heated to the requisite temperature necessary to soften the mixture sufficiently to 
render the mixture extrudabk s a spaghetti dil 

^tfahd; allowing the extrudate to congeal and harden, and then dividing the strand mto 
desired pieces. This may be accomplished, e.g.. by cutting the strands into pellets of 
1 5 mm in diameter and 1.5 mm in length. Preferably, the extrudate has a diameter of 
from about 0. i to about 3 mm and provides sustained release of said opioid analgesic 
uin - about 8 to tbout 24 hours 

Another aspect of the invention is directed to pharmaceutical dosage forms 
includisg the extrudate prepared as outlined above. The extrudate is cut into 
multiparticulates using atn cutting means known in the art e g a blade 1 he 
multiparticulates are then divided into unit doses containing an effective amount of 
opioid analgesic to provide analgesia rpwr snefii then ) stient over the desired 
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dosing interval The unit dose of multiparticulates may then he incorporated into 
tablets, e.g. via direct compression, formed into suppositories, or encapsulated by my 
means known in the art 

1st yet a timber aspect of the- invention, there is provided a method of treating a 
patient with sustained-release formulations prepared as described above This method 
includes administering a dosage form containing the novel exmsdate to a patient in 
need of opioid analgesic therapy. For purposes of the present invention, a unit dose is 
understood to contain an effective amount of the therapeutically active agent to 
produce pain relief and/or analgesia to the patient. One skilled in she art will recognize 
i hat the d ?se of op i will vary due to numerous 

factors e l the pec s 

p-»k I emend ooned 



As mentioned above, in order for g dosage form to he effective for its intended 
purpose, the dosage form must be bioavailabie. For purposes of the present invention, 
the tears "bioavailabie" is defined as the total amount of a drug substance that is 
absorbed 3 >, ! v i . I 

a unit dosags n Gene el 1 t < < > ;s d terroin 1 

by comparison to a known reference drug product, as commonly determined and 
accepted by Governmental Regulatory Agencies, such as the United States FDA. 

f he t i i t irposes of the present invention as 

the tvteii t ' v\ n h the d<t4~ , j "> > dm n. iuv'i' 

form and is available at the site of drug action. 
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The terms "sustained release", "extended duration", and "controlled release" 
are defined for purposes of the present invention as the release of the drug (eg., opioid 
t , ^ at such a rate that mood te.g . plasma) levels are maintained vvtthm the 
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therapeutic u e * u be o>a k\ c love « oves a perio I or tiro< greater than § hours, 
more preferably for about 12 to about 24 hours, or longer. 

The term "unit dose" is defined for purposes of the present Invention as the 
5 total atno t * i hits seeded to administer a desired nose of therapeutically 

active agent (e.g., opioid analgesic) to a patient.. 

The extrudates of the present invention preferably permit release of the opioid 
(or salts l - s sustained period o j medium. The term 

10 ''aqueous medium" is defined for purposes of the present invention as any water- 

s , urn eg water - 

gastric fluid and/or Intestinal fluid and the like. 



The following drawing is illustrative of an embodiment of the invention and is 
no x i'> o > v < v. ^ t x e bum. 

Figi < kag ip < playim he ution f« vs >> fc < ( ; I 
I some „ i <- ^ <• -p'u^: - 1; - ? <. \ ^ '■ 

x s ^ , jphs dtspla a i 1 Em f the dissolution 

resnhs ol 1 ; un > e- > sn 1 > ?e;g bin veh 

x , <, - , v f , , ! < ^ I * > * < f " 

Example 6; 

figure 6 is a graph displaying the dissolution results of Examples 9 and 10; 
I p v " s t a x v ' f inru h < d >~ 

Figure 8 Is a graph displaying the dissolution results of Examples 15 and 16; 
Figure 9 is a t - re nesems ioi o a system * > ca yi „ o ths p e e t 
invention, 
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Hgui e 1 0 a gt aph display »g the fed ihty rt suits fot L ample 

20; 

Figure U is & graph displaying the plasma morphine concentrations of Example 
21 obtained from administration of the capsules from Example 6 vs. MS dentin #; 

Figure 12 is a graph displaying the plasma oxycodone concentrations of 
Example 22 obtained from administrating the capsules from Examples 1 1 and 13 vs. 
OxyContm 

b'gute 13 s ati * oxvcod m concent? at ns 

Of Example 14; 

Figure 14 is a graphical representation of the bydfomorphone concentrations of 
Example 24 using the capsules from Example 17 vs. Diiatidid®; 

Figure 15 is a graph displaying the plasma hydromorphone concentrations of 
Example 24 using capsules from Example 1 S vs. Dbaudld® ; 

Figure 16 is s graph of the steady-state plums, hydromorpbone concentrations 
of Example 25 using the capsule* of Example 1?, and 

Figure. 17 is a graph of the plasms bydromor phone ■ concentrations of Example 
26 usmg the capsules of Example 39, 

DETAILED DESCRIPTION 

In one aspect of the invention, the sustained-release dosage forms comprise an 
Opioid analgesic as the i her; e e as web tor the drug is 

sncoroorated into a melt-extruded strand which includes a phanrsaceuucallv acceptable 
\ vt<. \ se "m so j„r^ c t. 1 " >ic t v ! H In 

certain e nbod meats it is prefei ab > to furti e add to th« blend a plasticiaer fos the 
hydrophobic material in order to reduce the extrusion temperature. The choice of the 
most suitable plastieiaer is made based on =ts ability to lower she glass transition 
emperature \ t e pot erred dt« e embed merits, a 

hydrophobic fusible carrier (which may also act as a binder) is utilized instead of a 
plasdciaer The hydrophobic fusible carrier preferably imparts a slower release of the 
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f active agent from to^tesctroded formulation. Any further 
pharmaeutkai excipients known to those skilled in the art may be added 




Tttarapeutfcatly Active Agents 

Therapeutically active agents which may be used is accordance with the 
15 present invention include both water soluble and water insoluble drugs. Examples of 

such therapeutically; active agents include antihistamines (e.g., dimenhydriiwte, 
diphenhydramine, chlorpheniramine and dexchbrpheniramine mabate), analgesics 
(eg aspirin cods »e, dihydron one, etc.) nors-steroida 

tbuprofet 

2 0 sulindacK ants-emetics (e.g., metocJopramsde meth> inaitrexone l anfi-ep epti< s (e $ , 

phenytoin, meprobamate and nitrazepam}, vasodilators (e.g., nifedipine, papaverine, 
dihiazem and nicardipine}, anti-tussive agents and expectorants » « t codeine 
phosphate), anti-asthmatics (e.g. theophylline), antacids, antispasmodics (e.g. 
atropine, scopolamine), antidiabetics (e.g., insulin), diuretics (e.g., ethaerynic add. 

25 bendrotluthiaxide), anti-hypotcnsives (e.g., propranolol olomdine), antihypertensives 

(eg, clonidine, methyldopa), brooehodilators (eg , albuterol), steroids {e.g., 
hydrocortisone, triamcinolone, prednisone), antibiotics (e.g., tetracycline), 
m lt{ j ) H >ues otropk u diarrh s mx ! > s sedatives 
decongestants, laxatives, vitamins, stimulants (mdyding appetite suppressants such as 

30 phenylpropanolamine), as well as sabs, hydrates, and solvates of the same. 
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In embodiments of the invention directed to opku i eo oid 

ana^ges.c* uvtd in accordance with t >h pro- 

dine, alphaprodme, aoiiendme, beaxyirnorphme, bezitranrhde, buprenorphine, 
butorphau n * <. e v J n ^ i ^ 
5 dessodne, diampromide, dihydroeodeme, dihydromorphine, dimcnoxadot dimephep- 

tarmf dunethylthsambutene, dioxaphetyl b«tyrate v dipipanooe, eptazocine, etho- 
hepiazine, ethylmetbylthiamkPene, etfcylmorphine, etonitaaene fentanyi, heroin, 
hydfocodone hydromorphone n> k enhdone 

levalbrphan levorphaool 1 

10 metastocme, methadone, metopon, morphine, myrophine oarceine, 

nicomorph ! > < > < * > - jrmarphtne, norptpanoR 

opium, oxycodone, oxymorphone, papaveretum, pentazocine, phenadoxone, 
^ v o- i.'ih pfophept^me 

promedol, properidme, propiram, propoxyphene, sufentanil, tramadol, tilidme, salts 

15 thereof mixtures of any of the foregoing, mixed mu-agonists/amagonists, mo« 

antagonist combinations, and the like. The opioid analgesic may be in the form of the 
free base, or in the form of a pharmaceutical^ acceptable salt, or in the form of a 
< > c rnplex 



20 In certain preferred embodiimnts h ■> it c is selected ft< 

morpnme N ' i 

dihydromorphine, oxymorphone, tramadol or mixtures thereof 



In one preferred embodiment the sustained-release opioid oral dosage form of 
25 the present >vention includes hydramorphom I " cally active im; 

- a a from abi ut 64 < > 1 < t 

^heroatively, the d > i as co stain molar equivalent amounts of other hydro- 
mo; phone salts or of the % , c s nem where 

the opioid analgesic o other man hydromorphone. the dosage form contains an 
30 appropriate amount to provide a substantially equivalent therapeutic effect. For 



23 

example, whes ? s n pi s sustains release oral 

dosage forms of the present invention include from about 5 mg to about 800 mg 
morphine, by weight (based on morphine sulfate). When the opioid analgesic 
comprises oxycodone, the sustained-release oral dosage forms of the present invention 
5 include from about 5 mg to about 400 mg oxycodone. When the opioid analgesic is 

tramadol the sustained-release oral dosage forms of the invention include from about 
SO mg to about 800 mg tramadol by weight, based on the hydrochloride salt. 
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intensity and/or degree of 
drowsiness, which are often 
There is also evidence to suj 




In the pre* 
provide for an increased duration of anaig 
•comparable daily dosages of conventional, 
a lower incidence in severity of adverse drag reactions and 
, i U mat oral 




can also be a 
maintaining pain control 



When the therapeutically active agent included in the dosage forms of the 
present invention is an opioid analgesic, the dosage form may further include one or 
more additional which may or may not act synergisUeahy with the opioid analgesics of 
2 5 the present invention. Examples of such additional therapeutically active agents 

Include non-steroidal anti-inflammatory agents, including sbuprofen, diclofenac, 

x x Kjprofea fiubufc ketoprofen ndoprofes 

piroprofen, carprofen, oxaprozin, pramoprofen, owoprofen. trioxaprofen, suprofen, 
aminoprro, tiaprofemc acid, Suprofen, buctoxic acid, mdomethacin, sulindac, ' 
so tolmetto, somephac dopinae, sdometaein, acemetacin, fentae, clidanac, oxpinae. 



mefenamic acid, meciofenamse acid, tlufenamie acid, nidumk acid tolfenamic acid, 
ddlmssa si isoxicam, and the like Ott rsu hk 

additional dmgs wh h may be mc\ - vs of the presm invention 

include aeet&mmophen, aspirin, s^teylaie-derived analgesics and antipyretics or salts 
5 lher<;ot : arid other nomapioid analgesics. 

The additional (non-opioid) therapeutically active agent may be included m 
; mi 1 - imm i tse h fdition&i drug ma> 

incorporated imo the controlled release matrix along with the opioid; incorporated as a 
10 separated controlled release layer or immediate release layer, or may be incorporated 

as a powder, granulation, etc, in a gelatin capsule with the exudates of the present 
invention, 

Matrix Ingredients 

15 

The extrudates of the present invention include at least one hydrophobic 
material. The hydrophobic material will preferably impart sustained release of she 
Opioid analgesic to the final formulation. Preferred hydrophobic materials which may 
be used in accordance with the present invention include alkylceiluloses soch as natural 
20 or synthetic celluloses derivatives (e.g. ethyicehulose}. acryhe sod reethaeryhc acid 

' ^ v > ^ N v I , ,v h ! 1 h> < \f d 

castor ot or hydrnuenate<. < < si ! a J meant to 

be exclusive, and any pharmaceuticaiiy acceptable hydrophobic material which ts 
eapabl 1 I s tests (o softens 

25 to the extent necessary so be extruded,; may be used m accordance with the present 

invents ott 
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In :e ta « ec ♦ tents of the present seventh n, the tydropht bk 
maonal ^ , _ , - . t! - , .s \. , . y P e acrylic polymer, v , ■ < Pouted to 
acrylic acid and methacryiie acid copolymers, methyl meihscrylate, methyl 



IS 

methacrylste copolymers, eihoxyethy •* « hacry a*e 

a -mm k metbacfyiMe copolymer, poly(aefy1ic acid), poiyCn^thaefylic acid), 
rnethaeryfk acid «.Wm. e u'vHre, po <. , :vo.ida;ey > \ netoaerdk. 

acidXanhydrkle), potymethacryiste, polyacrylamide, polytmethacryhc add anhydride), 
5 add glyctdyl methacryiate copolymers, In other embodiments, the hydrophobic 

material is selected from materials such as hydfosyalkyicdiuiosea such as 
hydmxypropylmethylcellulose and mixtures of the foregoing 

The mardant materia; is preferably a hydn obic fos e e arris: which may 
10 s «mp < v ^ i ^ s s 1 w'> \ 

> tote wax k< hem < s r e *han 

said one or more water-insoluble wax-like substances, hi order to achieve constant 
tdease, the individual wax-like substances in die insider material should be substantially 
notvdegradable md Insoluble in gastrointestinal fluids during die initial release phases 

15 

Useful water-insoluble wax-like substances may be those with a water- 
soluhibty that, is lower than about 1 5,000 (wto) 

Such hydrophobic hhsible carrier materials are mderabb wauy^pv>iub!e with 
20 iTKjre or less pronounced hydropl c and rhydfoph c ttcnj i < <.< s - the 

retardant materials useful in the invention have a melttng poms trom a!n>ui who about 
2O0*C, preferably from about 45 to about 90 C C Specifically, the hydrophobic fusible 
carrier may comprise natural or synthetic waxes . fatty alcohols (such as iauryh 
.Tistvl steard. ot to- acids including but not 

25 limited to fatty acid esters, fatty acid glycendes (mono-, di-, and trl-giyeendes), 

hydrogenatr-d fats hydroc ubons, normal waxes stearic aid stearyl alcohol and 
hydrophobic and hydroph c polymers having by ocarbon backbones Suitable waxes 
kctude; for example, beeswax, glycowsx, castor wax and camauba wax. For purposes 
of the present invention. 8 wa%4ike substance Is defined as any material which is 
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normally solid at room temperature and has a melting point of from about 30 to about 

K»*.C.. 

Suitable hydrophobic fusible carrier materials which may be used in accordance 
5 with the present invention include digestible, long chain {C S .C M , especially €, r Q ; y}, 

substituted or unsubsiituted hydrocarbons, such as tatty acids, fatty alcohols, glyceryl 
esters of fatty acids, mineral and vegetable oils sad natural and synthetic waxes 
Hydrocarbons having a melting point of between 25' and 90 !> C are preferred. Of the 
? * J > u s ! i « tain 

10 embodiments.. The oral dosage torn; may contain up to 60% (by weight) of at leas? 

one digestible, long chain hydrocarbon 

< nay also 

contain suitable quantities of other materials, e.g., diluents, lubricants, binders, 
granulating aids, colorants, llavorants and ghdams that are conventional in the 
pharmaceutical art. The quantities of these additional materials will be sufficient to 
provide the de-si ect s< the J s et m 

ingredients, a sustained-release matrix incorporating melt-extruded multiparticulates 

itabie quant ies t nher m sc t >ricaffls, hinders 

granulating aids, colorants, fbvorants and glldants that are convent ions; in the 
pharmaceutical art in amounts up to about 5 1 i articulate if desired. 

Sp c es i \h excffnems that may b« 

used tc term . ^ 

I \\ V S X fk V ! < As , \ I , MU! , 

herein. 

In order to facilitate the preparation of a solid, sustained-release oral dosage 
om „s t o ( - ^ u< < ^ < m uvpi 

invention, a process for the preparation of a solid $ al dosage torn 

30 according ?o the present „ ^ t * exposing o in opioids or a salt thereof in 
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a ^abed-release melt-exmided matrix. MmsmMon in the matrix may be Rested, 
forexa^'h c,t ether with at tsi o s mdrsphnVc 

material and preferably the additional retardant material (hydrophobic lusibte carrier) 
to obtain a homogeneous mixture. The homogeneous mixture is then heated to a 
5 temperature sufficient to at least soften the mixture sufficiently to extrude the same. 

The resulting homogeneous mixture is then extruded, e.g., using a twin-screw 
extruder, to form strands The extrudate is preferably cooled and cut into 
multiparticulates by any means known its the art. The strands are cooled and cut into 
multiparticulates. The multiparticulates are then divided into unit doses. The extrudaie 
10 preferably has a diameter of from about 0 I to about 5 mm and provides sustained 

release of the therapeutically active agent for a time period of from about 8 to about 24 
hours. 

An optional process tor preparing the melt extrusions, multiparticulates and 
jj unit doses of the present invention includes directly metering into an extruder a water- 

insoluble retardant, a therapeutically active agent,- and an optional binder; heating said 
homogenous mixture; extruding said homogenous mixture to thereby form strands, 
cooling said strands containing said homogeneous mixture; and cutting smd strands 
, v t <K, 

20 particles into unit doses In this aspect of the invention, a relatively continuous 

manufacturing procedure is realized. 

The diameter of the extruder aperture or exit port can also he adjusted to vary 
the Out* *ess oi the extruded strands Furthe more the exit par c i Uk e^uuder need 
2 5 not be round; it can he oblong, rectangular, etc. The exiting strands can be reduced to 

particles using a hot wire cutter, guillotine, etc 



30 



The melt extruded multiparticulate system can he, for example, in the form of 
granules, spheroids or pellets depending upon the extruder exit orifice For purposes 
of the present invention, the ter ms "melt-extruded muitipanieulate(s) ;i and "melt- 



c c^' ihaH refer to a 



plurality of units, preferably within a range of Similar sixe and/or shape and containing 
one or more active agents and one 03 more exeipsems v a retardaat 

as described herein, in this regard, the mell-extruded mrfttpartkote will be of a 



range of from about 0, 1 to about 12 mm in length and have a diameter of from about 
0 I to about 5 mm. In addition, it is to be understood that the meh -extruded multtpar- 
ticuiates can be any geometrical shape within this size range such as beads. 



\ * kola? vv x nvention is t eparath n of 

lease melt-extruded multiparticulate formulations which do not require 
further processing, e.g., the extmdate may simply be cut into desired lengths and 
divided imo unit doses of the therapeutically active agent without the need of a 



tn one preterred embodiment, 

sunt of melt-extruded multiparticulates within a capsule. For example, a 
plurality of the mehVextrnded multiparticulates may be placed in a gelatin capsule In so 
amount v;:hmem to provide an effective s 
contacted by gastric fluid 



it of the 



us;nu mncmm iemmKincs I'o npuesandc 
(compressed and molded), capsules (hard and soft gelatin) and pills are also described 
in Reminds, ^h^m^em^Sa^^. (Arthur O*oi editor) 1553-t503 U980}, 
1 -.moo v ' 0 I - efere ce herein 
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In yet another preferred embodiment, the extmdate can be shaped into tablets 
as set forth tn US. Patent No. 4,957,68! (KBmeseb, el nl ), described in addtlonai 
detail above and hereby incorporated by reference. 



S In yet a further embodiment, the exudate can be shaped into suppositories 

containing a unit dose of the therapeutically active agent. This may be accomplished 
using techniques and equipment well known to those skilled in the art 



Optionally, the sustained-release melt-extruded multiparticulate systems or 
10 tablets ^ n capsule < ted, with a sust tined 

release coating comprising one of the hydrophobic materials described above. Such 

s < * obtam a 

weight gain level from about 2 to about 30 percent, although the overcoat may be 
greater depending upon the physical properties of the particular opioid analgesic 
IS compound utilized and the desired release rate, among other things. In certain 

preferred embodiments of the present invention, the hydrophobic polymer comprising 
the sustained-release coating is a pharmaceutical!)' acceptable acrylic polymer, such as 
those described hereinabove. The solvent which is used for the hydrophobic material 
in the coating may be arty pha - sea mceptable solven 
20 methanol, ethane!, methylene chloride arid mixtures thereof 

The unit dosage forms of the present invention may farther include 
eotabinattonsofmeh-extmded multiparticulates containing ere os more ^i'K 
therapeutical i> active agents disclosed above before heme encapsulated 1 urthermore. 
25 the unit dot »ge tot us ca 5 also nclude an amount of an immediate release 

therapeutically active agent for prompt therapeutic effect. The immediate release 
theraoenocalh act \ . v em m o i« incorporated, e s ss separate pellet i within a 
gelatin capsule, or may be coated on the surface of the compressed tablet which has 
been prepared from the multiparticulate ex tm date as set forth above 
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The. comrolk on siowh release the 

therapeutics 

to intestinal fluids The com ilk < < j > 
the invention can be altered, for example, by varying the amount ofretardant, i.e., 
S hydrophobic polymer, by varying the amount ofpiastkteer relative to hydrophobic 

polymer, by the inclusion of additional ingredients or excipients, by altering the method 
of manufacture, etc. In certain embodiments of the invention, the the sustained-release 
dosage forms; of the present invention preferably release the therapeutically active 
agent at a rate that is independent of pH, e.g., between pH .1 6 and 7.2. In other 
10 embodiments, the formulations car; be designed to provide & pH-dependent release of" 

the therapeutically active agent 

In other embodiments of the invention, the melt extruded materia! is prepared 
without the inclusion of the 1 v - c e *h 2 

15 extrudat* Such formulations typically will have the therapeutically aasae agent 

blended together with the extruded matrix material and then the mature Would be 
tablet too d< - s be 

advantageous, for example, when the therapeutically acme accm nwdt-d >n she 
fbrmuh to tempt . ' . , - 

20 and/ or the retardam material. 

Opioid Analgesic Formulations 

25 t } f to sustained-release 

oral opsoi I formulations whi h art a< m n >trabh 1! - - - no; ■ t ds> mis and which .ire 
prepared from the meh extrudates described herein. Such dosage forms will provide 
m m-vltroTelease (when assessed by the USP Paddle or Basket Method at 100 prm at 
900 ml aqueous buffer (pH between 1 .6 and 7.2) at 37*C from about I to about 

30 42.5% opioid released after one hour, horn about 5 to about 65% opioid released after 
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2 harts* from about I 5 to about 85% opioid released after 4 hours, from about 20 to 
about 90% opioid released after 6 hours, from about 35 to about 95% opioid released 
after 12 hours, from about 45 to about 100% opioid released after 18 hours, and from 
1 55 to about 100% opioid released after 24 hours, by weight Such formulations 
I by « peak plasma level at from about 2 to about 8 hours 
it 4 to about 6 hours after 

& by a W w from about 4 to 

about 12 h 

In certain preferred embodiments, the oral 24 hour sustained-release opioid 
dosage form provides a rapid rate of initial rise in the plasma concentrat ion of the 
opioid after oral administration, such that the peak plasma level obtained in-vivo 
occurs from about 2 to about § hours after oral administration, and/or the absorption 
half-life is from about 1 to about 8 hours after oral administration (in the lasted state). 
More preferably in this embodiment the absorption half-life h 1*6' hours and possibly 
1-3 hours after oral administration {in the fasted state). Such formulations provide an 
imvvtro dissolution under the conditions specified above, from about 12.5 to about 
42.5% opioid released after one hour, from about 25 to about 65% opioid released 
after 2 hours, from about 45 to about #5% opioid released after 4 hours, and greater 
than about 60% opioid released after 8 hours, by weight. 

m 1 ULT t ^ >aiifi!EOTffi 



I x ' ^ o pk iie v nous pects of the present 

They are not to be construed to limit the claims in any manner whatsoever. 

MELT-E? i KTS|OVJJ [Nlfiill 

Typical melt extrusion systems capable of caring-out the present invention 
include a suitable extruder drive motor having variable speed and constant torque 
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control, start-stop controls, and ammeter luaddit s v Include a 

temperature control console which includes temperature sensors, cooling means a«d 
temperature Indicators throughout the length of the extruder. In addition, the system 
will include an esimder such as twin-screw extruder which consists of two counter- 
s rotating intermeshmg screws enclosed within a cylinder or barrel having tm aperture or 

die at the exit thereof. The feed materials enter through a feed hopper and is moved 
through the barrel by the screws and is forced through the die into strands which are 
thereafter conveyed such as by a continuous movable belt to allow for cooling and 
being directed to a pehedser or other suitable device so render the extruded ropes into 
20 the multiparticulate system. The peRetket can consist of rollers, fixed knife, rotating 

cutter ai u ^ ! stributors 
such as C.W. Brabender Instruments, inc, of South Hackensack. New Jersey Other 
suitable apparatus will be apparent to those of ordinary skill in the art, 

3. 5 A further aspect of the invention is related to the preparation of melt extruded 

multiparticulates as set forth above in a manner which controls the amount of air 
included in the extruded product. By controlling the amount of air included in the 
extmdate, it has been surprisingly found that the release rate of the therapeutically 
active agent from the. e g„ multiparticulate extrudate. can be altered significantly. 

20 in Of s x ! i ! t , l\ I > t hi 

extruded product can be altered as well. 

Thus, in a further aspect of the invention, the meh extruded product is prepared 

! 1 ! v I <• R, N' s n i O I v. j. vU^ 

25 Hits may be , i > \ v lor example, Uy using a Its > > extruder having a vacuum 

attachment It has been surprisingly found that extruded multiparticulates prepared 
according to the invention using the l.eistnta. extruder under vacuum provides a melt- 
extruded product ha\ -,g dill i t est sdatc 

is substantially noo-porous when .magnified, e g ustm i mnhu I? t n microscope 

3 0 which pr Contrary to convention* 
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thought, k has been an bly nomp ions provides 

faster release of the thempeutieally active agent, relative to the same formulation 
prepared without vacuum SEMs of the mul » n extrude* 

under vacuum appear very smooth, and the multiparticulates tend to be more robust 
than those multiparticulates prepared without vacuum. It has been observed that in at 
least certain formulations, the use of extrusion under vacuum provides an extracted 
multiparticulate product which is more pH-dependeat than its counterpart formulation 
prepared without vacuum* 

Gener al K , Vocedure 

The following technique was used to manufacture the extrad&te and 
multiparticulates for Examples 1-26: 

Blend the required amount of 4mg t hydrophobic material and binder along with 
any additional excipients. 

Charge a powder feeder with proper amount of drug pa ie it blend 
Set temperatures of extruder heating zones to the required temperature, 
depending on the formulation. Typically, the temperature should be set at about S3 * 
C. Wait until the corresponding heating zones reach steady temperatures. Set the 
extruder screw rotation speed to 20 rpm Start the feeder, the conveyor and the 
\ < s , V, < y<cms ;s <ue melted and the s up ? \x< tne m 
mixture, the resultant viscous mass is extnided as spaghetti-like strands The diameter 
of the extruder aperture can be adjusted to vary the thickness of the resulting strand 

Set the conveyor belt speed to an appropriate speed (e g., 3-100 ft/mm) 
&JIowthe ( trand(s) becoogt e< id/or hardened while 

transported to the peiieto or; the conveyor bell Additional cooling devices may be 
needed to ensure proper congealing. (The conveyor belt may not be needed to coos 
the strand, if the materia? congeals rapidly enough.) 

Set the roller knife to an appropriate speed (e.g , to 3- 1 00 ft/min and 1 00-800 
rpm) Cut the congealed strands to desired size (e g., 3-5 mm in diameter, 0.3-5 mm m 
length) 
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Collect the pellet product. 

Fill a dessred weight of pellets into hard gelatin capsules to obtain an 
appropriate doses of the drug, 



! nation method was use > ! 

the dosage forms of Examples 1-25; 

(USP II Paddle at 200 *pm at 3TQ 
Media - 1st hour in ?0G ml simulated gastric Md (SGF), pH 1 .2 without enzyme 
thereafter, 900 ml simulated intestinal fluid (SiF), pH 7 5 without mzyme 
Using HPLC procedures for assay 
ies illustrate >u \ f the prese hv* ' » 
They are not meant to be construed to limit the claims in any manner whatsoever. 



CONTROLLED RELEASE CHLORPHENIRAMINE FORMULATIONS 
In these examples, chlorpheniramine maleate controlled release pellets were 
prepared according to the above manufacturing procedure using ethyicelluksse and an 
acrylic polymer (Eudragit RSPO}. respectively as the retardant. The formulations are 
20 set forth in Tables 1 and 2 below The dissolution of these formulations is set forth in 

j igjit \ Di jg release sat« hum > i c 105 S C) is 

significantly slower than that from Eudragit RSPO pellets (prepared at S$*C). 



EX, 1 TABLE 1 1 


Composition 


\isu p> v o- *m 




60 1 


> \ 


84 | 


Snout-. Ae-d 


36 


Total 


180 



EX, 2 TABLE Z 


Composition 


^yM^&K* 




§0 




84 


JJBBlMi „ „, , , 










CONTROLLED RELEASE MORPHINE FORMULATIONS 



Ex.3 The exdpients used m Ex 2 were employed \o make morphine sulfate 
com roiled release pellets. 



EX.3 TABLE 3 










EudwRSPO 


c 


ULEILL1A95L. _ 




« _ 





The drug release rate of Example 3 was slower than expected especially during 
later hours of the dissolution 



Ex. 4-S Examples 4-5 v, er e prepared m accordance with Example 3 

above. To increase the drug dissolution .rate during later hours, varying amounts o 
Eudragit L--IO0 were incorporated in the formulation. The drug dissolution, rate 
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.se* with increasing arnouat * , , > !,-] 00 in the formulation The morphine 
capsule Jsrftsuton are set forth m tables 4-6 feeiow: 



_M-J* TABLE 4 


Comporitta 


..MLiP^)P erCis F s,d ?. 


Morphine Sulfate 


§£ 


Eudr^tRSPO 


38.4 


EudraghL-100 


M 


X V 0 


!« 


Total 


120 



tABLES i 


Qsmrsesiti&rs 


Wim&lwz£nm}* ! 


M*^M$B „ 




Eudraeit RSK> 




W 


Eudragit L-100 




SteafisAdd 


ii 


.1: _ 


120 
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EX..6. A sustained rel« morphine sulfate formulation was prepared 

v, »v,.n -s«.--j; .... . ^ -r-vs- <'■ k.Ja... 
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TABLE 6 



Ingredients 






Morphine Sulfate 


60 


50 


Eudragit RSPO 


36 


30 


Eudragit L-100 


6 


5 


Stearic Acid 


»J 


* 5 


Total 


W 


m 



The formulation of Example 6 was prepared as follows: 

Extruder system description- The twin screw extruder is consisted of a pair of 
coumerrotating screws and a barrel block equipped *j$ heating/cooling zones. The 
extradate is delivered to a peiletizer through a conveyor belt and cut into pellets of the 
desirable size. 

b. Manufacturing procedure- 

I , Blend the drug and all the exeipiems in a proper mixer 
2 Place tne mixture m a powder teedes. 

3 . Set temperatures of the extruder heating zones to approximately ^ 8 C 
4 \ ?r 

5. Sun the fee is* the i om eyos j v r e eteer 

6. After the escipients are melted and the drug embedded to the molten mixture, 
the viscous mass is extruded as spaghetti-like strands. 

7. The extrudate is eongededand hardened while being delivered to the pelietiser 
on the conveyor belt. 
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8. The roller knife of the pelletizer cuts the strands into pellets of 1.5 mm in 
diameter and 1.5 mm In length. 



After the pellets we manufactured, 320 mg of pellets are encapsulated in $m 
#2 hard gelatin capsules, rendering capites containing 60 mg of morphine sulfite 




\s seen in Figure 3 < Ion ta < > sduet of Ex. 

3 showed a significant pli dependency The release rate was slower m S!F (simulated 
intestinal fluid) than in SOF (simulated gastric 0uld). 

In Figure 4, it can be seen that due to the addition of Eooragh L-TGO. the drug 
dissolution m obtained from Ex. 6 was less pH dependent. The drug release rate was 
faster in SIF during later hours of dissolution which is desirable for complete 
bioavailability. 

As demonstrated its Fig. 5, with proper choice of piasttcum, the drug release 
rate from the formula containing Eudragit L-100 can be reduced. This may be 
necessary to achieve desirable plasma dasg concentration profiles after oral 
administration of the pellets. 
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EX. 7 TABLE 7 


Composition 


Amu (m%$ per Capsule 


! Morphine Sulfate 


60 


Eudragit RSFO 




Budragi? L-100 


8.4 


Stearic Acid 


9 


Diethyl phthaJate 


9 


Total 


120 




1 EX. 8 TABLE 8 I 


I Composition 


Amt.img»prr Capsule 1 


1 Morohme Sulfate 


60 ji 


1 Eudraaii RSFO 


33.6 | 


i! Euduean L-100 


8.4 1 


Stearic Acid 


9 || 


' 1 ,'rsbutvl Cttrate 


9 j 


[[Total 


120 
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EXAMPLES <M0 
A different polymer/wax combination was used as an alternative fbrmubtto? 
,\ s S een > < <c f r on s , a s ? * s f 

phthalate was somewhat faster 

25 
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TABLE 9 






Amt (mgl per C : = 


Morphine Sulfate 




i Ethvl Cellulose 


38.4 


Polyvinyl Acetate Phthalsf e 


36 


! i ; nvric Acd 


18 


1 Total 


120 




EX- 10 


TABLE 10 




Amt, (mg) per Capsule 


Morphine; Sulfate 


60 1 


.Ethyl CeSiuii « 


34 8 


PolyMm wlate 


75 




fS 


Total 


130 



20 EXAMPLES 11 

CONTROLLED RELEASE OXYCODONF. H>RMt I A HOYS 

The formula used in Ex. 6 was applied to oxycodone hydfochlonde Due to 
^ , * <■ «. v > > „ r< v N > I >. v, k 'Sv h' m c-vfts; 4,! 0-4; 
25 was replaced by 4 Eh 12} No replacement was use Ex. S Whes 

tested in only SGF or S1F ; the use of Eudrsglt L causes she formulation to become less 
pH dependent The remits are shown m Figure ?. 



3 0 



W0 9&14858 
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TABLE 11 



Ingredients Amt(mg)/Capsule Percentage 

inFomwh 


Oxycodone HCL 


20 


25 


Eudragit RSFO 


36 


45 




6 


7.5 




IS 


m 


Total 


M 


m 
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The pellet mamifacturmg procedure and the dissolution method are the same as 
described m Example 6 

15 The above capsules were found to have the dissolution results set forth in Table 

11 a below; 

TABLE IU 



20 .Mean*, dissolved 11 2? 45 6^ 81 94 ....101. 



EX, 12 TABLE .12 








20 




Eudrasit R^PO _ 


■ ■ 36 




6 


Stearic Add 


18 ! 


™* 


40 


T 


_ 'ii 



Ex, B Oxycodone HC1 once-a-day capsules were produced with the 

following formula using the technology described in Example 6, The formulation is set 
forth it* Table 13 below. 



TABLE 13 



Ingredients Amt{ mg)/Capsule Percentage 

in Formula 


Oxycodone HO 


20 


25 


Eudragtt RSPO 


39 


4S.75 


Eudragit E-100 




3.75 


Stearic Acid 


IS 


22.S 


Total 


80 


100 



The pellet manufacturing procedure b the same as described in Example 6. 

? I <ycodooe H 



Its JVvx s N v 1 >j" <f> X V*1 OOO 

1 . Apparatus-USP type II Cpaddte}< J OOrpm a? 3? C C 

2. Media- Either 900 ml simulated gastric fluid (SGF) V pH 1 2 without enzyme, 
or 900 ml simulated intestinal fluid (SIP), pH 7 5 without enzyme 

3. Analytical method- High !•*>-- ^ liquid chromatography 

The dissolution results are set forth in Table 13a below; 



TABLE IM 





1 


2 


4 


8 


12 


IS 


24 


Mean % dissolved <SGF) 


13 


20 


29 


m 


51 


62 


?! 




14 


21 


31 


44 


57 


68 


SO 
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Es .Ji To prepare an oxycodone MCI controlled release tablet which 



TABLE 14 


Ingredients 




Pereem^ejoFormula 


Oxycodone IICI 


40 


30. S 


Eudragk RS30D (solid) 


14 


10.8 


Spray Dried Lactose 


35.25 


27.1 


PVP 


5 


3.9 


Tmccun 




a j 


Steary! Alcohol 


25 


.19.2 


Talc 


23 


1.9 




1 .25 


0,9 


f iim Coat 


5 


3.9 


M - 


13Q 


100 



Total Manufacture 



1 . Mix Eudragit RS30D (suspension} and Triaeetin for 5 minutes 

2. Place spray dried lactose, oxycodone HO, PVP, in a fluid bed drier. 

3 . Spray the suspension onto the powders under flu idizat ion. 

4. Pass the granulation through a Comii to reduce lumps, 

5. Melt stearyi alcohol at Wt 

6. Incorporate the molten stearyi alcohol into the dry granulation In a Coileie 
Mixer. 

7. Transfer the waxed granulation to a cooling tray and allow the granulation to 
congeal. 

8 Pass the granulation through a Comii. 
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5 

these tablets v^ere then tested us - ~ 

described in Example 13. 

The above tablets were found to have the following dissolution results: 

10 



TABLE Ids 



Time(hf) 


* 


2 


4 


8 


u 


Mean % dissolved SGF 






70 


90 




Mean % dissolved SIF 


35 


48 


65 


. n 


S3 
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EXAMPLES mi 
CONTROLLED RELEASE HVDROMORPHQN'E FORMULATION" 

2 0 Ex. IS- 1 6 The formula used in Ex. 6 was applied to hydromorpbOfie 

hydrochloride. Due to the higher potency of hydromorphone, only 8 mg of drag was 
used The missing 5.2 mg was replaced by 52 mg of talc (Ex. 16} or 52 mg of 
exe-ipiems (Ex 15} The results are shown in Figure 8. 



WO §6/14058 



tctmmn*m 



3 5 



IX 15 


TABLE 


s 




Amt.(m^j»r Capsule 


' v 


8 


Eudrasit RSPO 


6" 


[ u1r, 5 > n i - DO 


11.2 i 


S^arieAcid 


33.6 1 


Total 


120 ! 




EX. tti 


TABLE 






AmMmg) per Ca^»S« 


jHydfomorphoneHydrochioride 


8 


.I^tRSPO 


36 


£udr^iti,)00 


6 




18 


Talc 


52 







Ex. 1? Hydromorphoae HO onee^day capsules were produced with 

e formula set forth in Table 17 below using the technology described in Example 6. 



.2;L?M:.H 



ingredients 


AmtCm^Cap^le 




Rvdrom^rphnwRCl. 
Eudragtt RSPO 

Ci,,,,„! 


8 
S3 


■ 10 
66.25 
23.7$ 


■ 

J*!*] . _ 


so 


m 



WOWMW* 
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The pellet -manufacturing procedure ;s the same as described in Example 6. 
However, pellets of ! .0 mm in diameter and 1,0 mm in length were prepared. Each 

e HCL. 



The above capsules were tested using the dissolution methodology d 
e6. 

The above capsules were tbund to have the dissolution results set forth in Table 
17a below: 

TABLE 17a 





1 2 4 8 12 !$ 


24 


^ Mean % dissolved 


*7 2 l 32 _45 J*_J* 


m 



IS ExJS Hydromorphone HCI once-a-day capsules were produced with 

the formula set forth in Table IS below as the second example of the technology 
described in Example 6. 



TABLE IS 

20 _ 



Ingredients \ ( Percentage 
inFormtda 

Hydromorphone HC! 8 10 

Eudragn RSPO 48 60 

Jzz±*i£^ .......12 

25 Total m s 00 



rhe pellet ma > < tion method are the saftx on 

described in Example 6 

The above capsules were found to have the dissolution results set forth in 
30 Table ! 8a below: 



W09tt348S8 
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TABLE lia 



Tim * Gel 


12 4 


5 






24 
— — 




23 39 40 


56 


69 


84 


96 


Ex 19 H> 
thgfolkwmgfonHukacc 


;0^ingt0ihepeih0daes* 
TABLE 19 




tmpte 


6. 




Ingredients AmttmaVCapsuk Percentage. 

. 


riyo» omorpnofk. «xc».. 
Eudrawt RSPO 
Eudragit L-100 
Stearic Acid 


l 
41.5 
85 

22 






10 
51.9 
10.6 




Total 


m 






JSS 




The manufectwin 


g procedure of the pellets 


md the d: 


issolu 


uon method 


are the 


same as described m Exat 












The above capsules were tad to have the 


lowing 


dssso 


lotion result 






TABLE 19 a 












L - 4 




12 




24 




4 14 36 


52 


64 


75 


84 
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EXAMPLE 2& 

in this Exampte, a b ! is undertaken Foi j is. were given 

the morphine sulfate formulations of Example 3. The results are provided in Table 20 
below in Figure 10. 



TABLE 20 


Group 


« 


CSS* 


Tr 


Example 3 Fasted 


2m 


15.7 


2.1 




= 313 







From the above data, it can be seen that the formulas son is m ideal 
lor an extended release or oace-a-day product without a food effect 



EXAMPLE If ^ 

A bioavailability study of morphine capsules of Example 6 was conducted In 12 

or without food in a single dose, two-way crossover study Blood samples were taken 
periodically and assayed for morphine concentrations using gas chromatography with 
mass detection (G/MS). From the data, the following pharmacokinetic parameters 
were calculated and are indicated in Table 21 below. 

TABLE 21 



Treatment 


AUC 


< m 


ta.hr 




n.hr/mi 






Fasted 


228 


15.7 


2.1 


Fed, 


230 


14.0 


3.2 



w®mnmm 
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When compared to the typical blood levels of" MS Combs®, 3 single dose 
twkse-a-dav mark 

that the capsules of Example 6 are suitable for once daily administration. At the 24th 
hour the blood levels are well above MS-Contm sod within the therapeutic range 
S {Figure II). 

EXAMPLE 22 
Bfeavsitebtm? of 0XY-MEM 20 rag capsules. 

A bioavailability study of oxycodone capsules of examples 1 1 and 13 was 
10 conducted in 10 norms! male volunteers. Capsules of example 13 were admrnssteted 

either with or without food. Capsules of example 1 1 were administered without food. 
The study was conducted in a single dose, four -way crossover design. Blood samples 
were taken periodically and assayed for oxycodone concentrations using gas 
chromatography with mass detection (G/MS). 

15 

From the data, the following pharmacokinetic parameters were calculated as 
set forth in Tabic 22 below 

TABLE 22 

2 0 _ 



Treatment 


AUC 


Cmax. n/mi 


Tmax, hr 




ri, hr/mi 






Example 13, tasted 


20? 


9.1 


5.3 


Example IT fed 


261 


14.8 


6.4 


Example if, fasted 


244 


12.9 


6.0 


fa f i .! 


249 


20 8 


3.2 



From the above data, it can be concluded that both Examples 1 1 and IT but 
i ^ k i- vmai c ! fhi n shown 

graphically ht Figure 12 

3D 



4D 

BmmUmmtf MEmmpU 14 Tablets, 

A bioavailability study of oxycodone controlled release tablets of example H 
S was conducted in 25 norma! volunteers. These tablets were administered either with 

or without food The study was conducted ia a single dose, randomised crossover 
^essgn *$lood sampi«s were taken periodically and assayed lor oxycodone 
concentrations using gas chromatography with mass detection (GC/MS) The plasma 
oxycodone concentration versus time curve* arc shomiti Figure 1 3. 

10 

From the data, the following pharmacokinetic parameters were calculated. 



TABLE 23 





Treatment 


AUC, ntt.hr/rn! Cmav. > W ml Tmax. hr 


15 


Example 14, fasted 


422 39.3 3d 




Example R fed 


416 35 3 4.8 




^■iDiissnyd ■* ■ 


-vas found that the controlled release oxycodone HQ 




preparation, which diss> 


olved preferentially in low pH. does not show substantial food 


£0 


effect, from the Cmax 


data, it can be seen that there is no significant change in blood 




oxycodone ieveSs when 


the drug was taken with food than without food 




(35.3/39.3-09). From 


the AUC (area under the curve) data, it appears that the 




amount of drug absorb* 


a* with or without food is similar (4 1 6/422-0.986). 


25 










mvmmmty of IIM-MEM 8 nig capsules. 




Abioavailabn-tv 


stud> of h^ io > qm c d o IS was 




conducted using a smgi 


edose, fwe^, u > -< ? e volunteers 


30 


The subjects received e 


ither « mg of Diiaudid tablet (immediate release) or Smgof 
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HH-MEM capsules. Dilaudid tablets were administered after an oversight fast. MEM 
capsules were * e thout I < tuples were take 

with mass detection (G/MS). From the data, the following pharmacokinetic 
S parameters were calculated. 

TABLE 24 



Treatment AUG, Ctmx, n/ml Tm:u. hr 
a hr/ml 



Example 17, fasted 19.23 0.76 3.9 

10 Example 17, fed 21.4? 0 93 1 9 

Example 18, fasted 19.00 0.72 6 8 

Example 18, fed 30 10 0.75 2.4 

Dilaudid. fasted 14.55 Jl69 07 



IS From the above data, both formulations 17 and 1 8 would be suitable for once- 

da> lustration both not has l i ct Ex I ook ide I. 

The data of Example 17 is shown graphically in Figure 14 and the data of Example 18 
is shown graphically m Figure 15. 

EXAMPLE 2S 

20 Steady State Bioavailability nf H.1I-MEM 8 mg capsules. 

< x oatc plasms levels and the ef!e« f > 1 on hydroro ph< « 

a single dose, two way crossover study was conducted in 12 normal male volunteers. 
Thesjheu^ ceived eith ? i ! 5 * f s < s 1 

25 ok- ( ;K cumuk o o o < n ' < -en > o \ i - 2~ ho rs \ erv> s r ooe - i"|h 

were taken at predetermined time points The plasma hydromorphone concentrations 
were quantified using gas chromatography with mass detection (G/MS). 



3 0 



From the data from day 4, the following pharmacokinetic parameters were 
a i sot forth n fable 25 belo«. 
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Treatment 


AUC 


Cmax, 


Cmm, iVnV; 


Tmax, hr 




m hr/ml 


n/m! 






Example 16 


36,08 


2.15 


1.49 


5,8 


Dilaudid 


33,53 


3,44 


0.94 


1.6 



The results are shown graphically in figure 16 from this dais it cm be seen 
that Example 17 is an ideal product for ooce«a«day administration for either single, dose 
or multiple dose administration 

EXAMPLE 1$ 
Bioavailability of HH-MEM 8 mg capsules. 

To assess bioavailability and effect of food on hydromorphone MEM capsules, 
a single dose, three-way crossover study was conducted in 12 norma! male volunteers. 
The subjects received either S mg of Dilaudid tablet (immediate release) or 8 mg of 
HH-MEM (Example 19 } Dilaudid tablets were administered after an overnight fast. 
MEM caps ex were a< s 1 < s tuples were 

taken at predetermined at time points. The plasma hydromotphone concentrations 
were* tant ec a gas hroma era with mass detect! GAMS 

from the data, * e u-ll ^um p\- ; -- v;w ; , , * c s wo t Lid ue^ and 
are set forth in Table 26 below 



Treatment 


AUG, 


Crnax, 


Tmax, hr 




«. hr/ml 


n/m! 




Example 1 8, fasted 


15.83 


0.52 


5.6 


Example 1 8. fed 


16 55 


0.65 


41 


Dd.mdm lasted 


16.54 


3.35 


0.8 
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From he sh* < s lata ! < mb < c c ded < mce»a syH> \m\vc 
product can be produced using other mgrediems than are used for Examples 17 and 
18. This data is shown graphically in Figure I?, 

5 EXAMPLE 17 

Tramadol HO 288 sag SE Tablet 

The following formula Is used to prepare melt extrusion granulation and tablet 
TABLE 27 

10 Amt(mg)/Tabiet PeTcemage 



Tramadol HC1 200 S3 4 

Eudragit RSPO 74 19.* 

Tobulyl Citrate 14.8 4.0 

Stearyl Aicohoi 74 19 8 

15 Talc 7 4 2 0 

JMmsB^mm i! 10 

i:i ill 



« Ma 



a. Extruder system description- The twin screw extruder is consisted of a pair of 
eoumerrotatiug screws and a barrel block equipped with heating/cooling zones. The 
' 1 on a conveyor belt snd cut into pellets af die desirable 



drug and ail the excipier.ts in a 
in a powoes teed 



3 Set temperature of he extrude m\y 65 I 

4. Set the extruder screw rotation speed to 40 tpm. 
5 Stan the feeder and the conveyor. 

d.Afbsr the exdpients are melted and the drug embedded m the molten mixture, the 
viscous mass is extaided as spaghetti-like strands. 

7The extrudate is congealed and hardened while being carried away on a conveyor 
belt. 

S The stranded extrodate was cut into pellets of 2 mm in diameter and 2-8 cm in 



1 Apparatus- USF Type 11 (paddte), 100 rpm at 37*C 

2 The tables was placed in a tablet sinker clip and immersed in each vessel 
3. Media- 900 mi pK 6 5 phosphate butler 



TABLE 2?a 



Mean 94 24 33 45 6! 71 82 88 



fO»«S9Sft4?4S 



EXAMPLE 28 
Tramadol HCI 208 mg SR Tablet 

The following formula Is used to prepare melt extrusion granulation and tablet with a 



TABLE 28 



! cseJsems 


Amt(mgyi:abiet 


Percentage 


Tramadol HO 


200 


44. 1 


Ethyl cellulose 


MO 


24.3 


Tributy! Citrate 


22 


4 9 


Stearyi Alcohol 


no 


24.3 


Talc 


7,4 


IS 


Maenesium Stearaie 












L» 



The manufaciuring procedure and dissolution method are the same as described 
in example 21. Additional dissolution media used include pH 1 .2 simulated gastric fluid 
,2 0 <SGF) without enzyme, pH 7.5 simulated iniestin^ fiuid (SJF) without enzyme, and 

pH 4 phosphate buffer 

1 He ahoye tablets were Ipund to havs the fol t * ig iiss lu is - resu ts 

35 TABLE 28a 



Tin*<hr) 




1 


2 


4 




12 




24 


Mean % di 


ssoh-ed SGF 


18 


26 


35 


49 


59 


70 


SO 




pH4 


17 


25 


34 


49 


60 


n 


& 




pB6 S 


17 


23 


33 


46 


57 


10 


S3 




SIF 


17 


23 


.12 


45 


56 


68 


78 



The results show that the dissolution profiles of Tramadol SR tablets in media 
of different pH values are similar. Based on our experience with similar formulae of 
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other opiates, a formula whisk demonstrates pH independent dissolution profile .would 
provide a consistent drug release profile in vivo without food effect 

The examples provided above are not meant to be exclusive Many other 
5 variations of the present invention would be obvious to those skilled in the art, and are 



47 

It is claimed; 

). A sustainecbreiease pharmaceutical formulation, comprising a melt- 
extruded blend of a therapeutically active agent, one or more hydrophobic materials 
selected from the group consisting of aikyleeMuloses, aeryhe and methacrylic add 
5 polymers and copolymers, shellac, zein, hydrogenated castor oh, hydrogenated 

vegetable oil and mixtures thereof; and one or more hydrophobic fusible carriers 
which provide a further reSardant effect and selected from the group consisting of 
natural or synthetic waxes, fatty acids, fatty alcohols, and mixtures thereof, said 

j < - ^ « s <- 1 v. v k x 

10 extruded blend divided mto a unit cose containing an effective amount of said 

therapeutically active agent to render a desired therapeutic effect arsd providing a 
sustained-release of said therapeutically active agent for a time period of from about 8 
to about 24 hours 



jg 2. The formulation' of claim i, wherein said extrudate comprises a strand- 

shaped matrix cut into multi-particuiates having a length of from about OJ to. about 5 
mm in length 

3 The formulation of claim I, wherein said extrudate has a diameter of 
20 from about 0. ! to about 5 mm. 

4. The formulation of claim 1 , wherein said therapeutically active agent is 
an opioid analgesic 



25 S. n n U i ' ^ I « 3 ! 1 |csk: is selects 

from the group consisting of ahemami, ahylprodine, aiphaprodine, aniieridimg benzyl- 
morphine, bezitramide, b sp o* ^ clonitaxene, codeine, cyclaxocine, 

desomorphine, dextromoraratde, dezoelne, diampromide, dihydroeodetne, 
dihydromorphine, dimenoxadol. dunepheptanoi, dimethyhmambuiene, dioxaphetyl 

30 butyraie, diplpanooe, eptarsocine, ethoheptaalne, ethylmethylthiambutene, 
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et.hyi.morp e € } norphone 

.hydroxypethidine. ssomethadone., ketobemidone, ievallorphart, " ! tevo- 

phenacyl morphar k mo] metazocine, methadone* 

metopoft, morphine, myrophine, nalbuphine, narceine, nkomorphine, norlevotphanoi, 
noratethadone, nalorphine, norrnorphme, nospipanone, opium, oxycodone, 
oxyrnorpbone, papavereium, pentazocine, phenadoxcme, phenomofphan, phenasoeine, 
phenoperidme, piminodme, piritramide, propheptazine, promedol, properidine, 
pfopiram, propoxyphene, sufemaiwl, tramadol t'\Ums, salts thereof and mixtures 
thereof 

6. > \ i > ? > * U S , S >s v , , J > 

the group consisting of morphine, codeine, hydromorphone. hydrocodone, 

xyeodone, oxymoq jdol and mix ures 

thereof 

% The formulation of claw 2, wherein a unit dose compriMn? an effective 
amount of said multipart icy lates to render a therapeutic effees i* cormnned asthma 
gelatin capsule, 

8. The formulation of claim 2, wherem a urn; &>*s k /v-'v^ an effective 
amount of said multiparticulate* to render a therapeutic etkvs cv^<mrtc^ed into a 
tablet 

9. The form > ? da 8 tere said therapeunca - ive agent b 
tramadol 

i v i f f v ^ en sak e a| e ,« > v id ' < - ' s 

an op ova ■, v <■ > h\dro 

morphone, hydrocodone, oxycodone, oxymorphone, dihydroeodeine, di- 
• I adol and mixtures thereof 



4 9 

1 1 The formulation of claim I0 t which provides an in-vitro release (when 
assessed by the USP Paddle or Basket Method at 100 prm at 900 ml aqueous buffer 
(pH between 1.6 and 7.2} at 3TC fern about I to about 42.5% opioid released after 
one hour, from about 5 to about 65% opioid released after 2 hours, from about 1 5 to 
about 85% opioid released after 4 hours, from about 20 to about 90% opioid released 
after 6 hours, from about 35 to about 95% opioid released after 12 hours, from about 
45 to shout 100% opioid released after IS boom, arid from about 55 to about 100% 
opioid released after 24 hours, by weight, 

! 2 . The formulation of claim 1 0, which provides a peak plasma level at 
from about 2 to about 8 hours after oral administration and preferably from about 4 to 

13 The formulation of claim 10, which provides a from about 4 to 
about 12 hours. 

14. The formulation of claim 10, which provides a rapid rate of Initial rise in 
the plasma concentration of the opioid after oral administration, such that the peak 
plasma level obtained hvvivo occurs from about 2 to about 8 hours after oral 
administration. 

15. The formulation of claim 10, which provides a rapid rate of initial rise in 
the plasma concentration of the opioid after oral administration, such that the 
absorption half-life is from about 1 to about $ hours after oral administration (in the 
lasted state). 

16 The formulation of claim 10, which provides an m-vitro release (when 
assessed by the USP Paddle or Basket Method at 100 prm at 900 ml aqueous buffer 
(pH between 1 6 and ? 2) at 3?*C from about 1 2.5 to about 42 5% opioid released 
after one hour, from about t<> about t~%op>oid released after 2 hours, horn about 



45 to about 85% opioid released after 4 hours, and greater than about 60% opioid 
reused after § hours, by weight. 

I ?. The formation of claim I, wherein said extruded blend is substantially 



IS A method of preparing a sastamed-release pharmaceutical extrudate 
suitable for oral administration, comprising: 

blending a therapeutically, active agent together with (J) a hydrophobic- materia! 
selected from the group consisting of alkyieeiluioses, acrylic and methscrylic acid 
polymers and copolymers, shellac, a*in, hydrogeoated castor oil, hydrogensted 
vegetable oil, and mixtures thereof and (2) a hydrophobic fusible carrier selected from 
the group consisting of natural or synthetic waxes, fatty acids, fatty alcohols, and 
mixtures thereof, said retardam material having a melting point between 3 0-200 *C and 
being included in an amount sufficient to further slow the release of the therapeutically 
active agent, 

heatmg said biend to a temperature sufficient to soften the mixture sufficiently 
to extrude the same, 

extruding said heated mixture as a strand having a diameter of from 
0.1 -3 mm; 

cooling said strand, and 

dividing said strand to form non-spheroidal muiti-p&niculates of said extrudate 
having a length from 0. 1 - 5 mm; and 

dividing said non-spheroidal multiparticulates into unit doses containing an 
effective amount of said therapeutically active agephsald unit dose providing a 
sustained-release of said therapeutically active agent for a time period of from about § 
to about 24 hours. 



19. 'The method of claim IS, wherein said therapeutically active agent is an 
opioid analgesic is selected from the group consisting of alfentanil allylprodme, 
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afphaprodine, aniiericKoe, bea^lmofpMise, beatramide, bupra^rphine, butorphanof, 
donitazene - >deir,e cydaxoci <c ties < ' < is desocme, 

< - * o kI v k j ! dihydromorphine, o v ^ vO dimepheptanol 
*methylthiambutefie. dbxaphety! butyrate,. dspipaneme, ept&zocme, ethoheptaaine, 
ethylmethylihiambuieHe. ethyimcrphtne, etomiaaene, femaayi heroin, hydrocodone, 
hydromarphone, hydroxypethidme, bomeihadone, ketobemidone, kvsllorphan, 
ievorphanol levophenacyl morphan, lofentanil, meperidine, ?nepias'mol memxocine, 
methadone, metopon, morphine, myrophine, nalbuphine, nareeine. nicomorphine, 
oorlevorphanoK normethadooe, rsakxphme, now < <- " 

codor.e, oxymoq 

pbena^Ov > \ 

properdins, propiram, propoxyphene, sufentanil tramadol biidirre, salts thereof and 
mixtures theraof 

20. The method of claim 18, further comprising containing said u nit dose of 
said multiparticulates within 3 gelatin capsule. 

21 The method of claim IS, further comprising compressing said unit dose 
ofrould-particuiates into a table;. 

22 The method of claim IS, further comprising extruding, said heated 
mixture und; vacuum conditio? pt 1 > ' P > extrudatc 

23 A. sustained-release pharmaceutical formulation, comprising a meii- 
extmded blend of an opioid analgesic and one or more hydrophobic materials selected 
from the group consisting of alxyiceiiuloses, acrylic and methacryhc acid polymers and 
copolymers, shellac, aein, hydrogenated castor oil, hydrogenated vegetable oil, and 

n x j vS <, \ i ^arososf dos< oni Ring an 

effective amount of said therapeutically active agent to render a desired therapeutic 
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effect and providing a suttamed-reiease of said therapeutically active agent for a time 
period of from about 8 to about 24 hours, 

24 The extrudaie of claim 23, wherein said opipM analgesic is selected 
from the group consisting of morphia, codeine, hydmmorphone, hydrocodone. 



25. A method of controlling the release characteristics of a therapeutically 
« a-o- it << t <\ <. n v\ . . f 

administration, the sustained-reieaaepharmaceuticas extrudate hemg prepared by 
blending a therapeutically active agent together with 0}a hydrophobic material 
selected from the group consisting of alkyicelluioses, acrylic and methaerylie acid 
0ymm m PPpolymers, sheilas, zem, %drogenated: castor oil, hydrogeaated 
vegetable oil and mixtures thereof and (2) an optional hydrophobic Risible carrier 
retardant materia! selected from the group consisting of natural or synthetic waxes, 
fatty acids, fatty alcohols, and mixtures thereof; said optional hydrophobic fusible 
carrier having a melting point between 30'200 e C; heating said blend to a temperature 
sufficient to soften the mixture sufficiently to extrude the same: extruding said heated 
mixture as a strand having a diameter of from i ~> , - <. , s <.i 

optionally dividing sa;d sirand to form multiparticulates of said extrudate; the method 
c «mp ising controlling the amount of ah pxtamx during said extrusion phase and 
thereby controlling the porosity of the extrudate thereby obtained. 
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